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Computed tomography (CT) localizes kidney stones with 96% sensitivity and 100% specificity. 1 However, CT delivers ionizing radiation, which is associated with an increased risk of cancer, particularly in children. [2] [3] [4] Because of concern for medical radiation exposure among children with kidney stones, the American Urological Association and the European Society of Pediatric Radiology developed imaging recommendations for children with suspected nephrolithiasis. Both organizations recommend using ultrasound as the initial imaging study for children with suspected kidney stones and reserving CT when ultrasound is nondiagnostic and suspicion of stones remains high. 5, 6 Additionally, the Image Gently Alliance, a consortium of radiologic professional societies, began its campaign in 2007 to lower radiation exposure among children who need diagnostic imaging. 7, 8 Currently, CT is the imaging modality used most commonly to evaluate children with nephrolithiasis 9,10 and abdominal pain 11 in the United States. Within the Pediatric Hospital Information System (PHIS), the hospital where the child is seen is the strongest predictor of imaging modality choice, 9 which suggests that there is undesirable variation in imaging utilization for children with nephrolithiasis in the United States. 12 However, previous studies did not determine the order in which imaging studies were obtained. Additionally, it is possible that these results are not generalizable to practices at non-children' s hospitals or children' s hospitals not in PHIS. To determine how current imaging practices at all types of US clinics and hospitals deviate from recently published guidelines, we determined the prevalence of initial CT utilization and identified US regions where CT is highly used as the first imaging study for children with nephrolithiasis. We hypothesized that there is regional variability in initial CT utilization for children with nephrolithiasis that is not explained by patient characteristics or by trends in CT utilization. We also examine temporal trends of overall utilization of CT, ultrasound, kidney, ureter, and bladder x-ray (KUB), intravenous pyelogram (IVP), and MRI at any point during a kidney stone episode.
METHODS

Data Source
We conducted this study in MarketScan (Truven Health Analytics, Ann Arbor, Michigan), which includes patients enrolled in .100 nongovernmental health insurance plans in all states. MarketScan contains longitudinal patient-level data for inpatient, outpatient, and procedure claims from all types of hospitals and clinics where patients received care. The databases contain patient demographics, zip code of residence, dates of services, International Classification of Diseases, Ninth Revision, diagnostic codes, and Common Procedural Terminology codes.
Study Design
We performed a cross-sectional study in 17 827 229 children in MarketScan aged 1 to 17 years with at least 1 full calendar year of continuous medical benefits between 2003 and 2011. We identified patients with stone events among this population by using International Classification of Diseases, Ninth Revision, and Common Procedural Terminology codes for nephrolithiasis and stone procedures, respectively. 13 A patient must have met at least 1 of the following criteria to be considered to have a kidney stone: (1) $2 primary diagnosis codes for nephrolithiasis in the outpatient setting ,180 days apart or a primary diagnosis in the emergency department (ED), (2) surgical procedures for nephrolithiasis, and/or (3) stone diagnoses in the inpatient setting. We chose these criteria to maximize specificity of identifying clinically important new stone events and minimize misclassifying care received for a previous history of nephrolithiasis as a kidney stone event. For patients with kidney stones, we defined the duration of the kidney stone episode to extend from 1 month before to 6 months after the first kidney stone claim to capture the initial diagnosis, treatment, and followup imaging that would be obtained after spontaneous stone passage or surgical removal. 9, 14 We identified all ultrasound, CT, KUB, IVP, and MRI performed during the kidney stone episode by using imaging billing codes. The order of imaging was defined by the imaging claim dates. Outcomes among unique individuals with .1 kidney stone event during the study period were limited to the earliest occurrence.
Outcome Definition
The primary outcome was the use of CT as the first imaging study during the kidney stone episode. Initial CT was defined as CT alone or CT performed before ultrasound in the ED, inpatient unit, or outpatient clinic. Ultrasounds were classified as the initial imaging study when they had the same claim date as a CT.
The secondary outcome was overall use of CT, ultrasound, KUB, IVP, and MRI at any point within the kidney stone episode irrespective of the order in which it was obtained.
Predictor Variable and Covariates
The primary predictor of initial CT utilization was geographic location. We analyzed location as the US Census division 15 and state of the patient' s residence to allow assessment of variation in CT utilization within and across regions. Covariates included age, gender, year of presentation, and insurance type. Age was defined into 3 strata (2-5 years, 6-11 years, and 12-17 years) to reflect early childhood, prepubescence, and adolescence. Insurance type included the following: exclusive provider organization, health maintenance organization, point of service, preferred provider organization with and without capitation, consumer-driven health plans, and point of service. Race and ethnicity were missing for more than half the patients in MarketScan and thus were not evaluated.
Statistical Analysis
We estimated the odds of initial CT utilization for each census division by using logistic regression. We built 2 models to estimate the proportion of geographic variability explained by patient characteristics. The base model included the 9 divisions and indicator variables for year of presentation to adjust for temporal trends in CT utilization. The second, fully adjusted model, included age, gender, year of presentation, and insurance type to adjust a priori for patient characteristics that may be independently associated with CT utilization.
All variables were analyzed as categorical variables. Year of presentation was analyzed as a categorical variable to avoid the assumption that changes in imaging utilization were equal between calendar years. Insurance types were collapsed on the basis of similarities in coverage and plan structure. The insurance categories included in the models were exclusive provider organization, health maintenance organization, consumer-driven or high-deductible health care plans, point of service, and preferred provider organization. The proportion of children who underwent CT scan as the first imaging study during a kidney stone episode was mapped by state. We excluded states in which ,10 children had kidney stones during the study period due to potential imprecise estimates of CT utilization.
Analyses were performed in patients for whom complete data were available by using SAS 9.2 (SAS Institute, Cary, NC). Tests were 2-sided, and P , .05 was the threshold for statistical significance. This study was exempt from institutional review board approval per Department of Health and Human Services regulation 45 CFR 46.101, category 4.
RESULTS
From 2003 to 2011, 17 827 229 children were included in MarketScan and 9642 children had codes for nephrolithiasis that met criteria for a kidney stone episode. Of these, 9228 children (96%) had imaging studies during a stone episode (Table 1) . We excluded Vermont, Rhode Island, North Dakota, South Dakota, Wyoming, and Alaska because ,10 children living in these states had stones during the study period.
Utilization of CT as the Initial Imaging Study
From 2003 to 2011, an average of 63% of children in the United States underwent CT as the first imaging study during a kidney stone episode. By state, the proportion of children who underwent initial CT during a kidney stone episode varied from 41% to 79% (Fig 1) . Averaged over the study period, 24% underwent ultrasound as the first imaging study. KUB and IVP comprised the remaining 13% of initial imaging studies.
The final model included census division, age, gender, year of presentation, and insurance type ( Table 2 ). The odds of initial CT utilization associated with census divisions were similar between the base and fully adjusted models. The inclusion of patient characteristics changed the odds ratios (ORs) from the base model by ,3% for any division. Older children were more likely to undergo initial CT. Adolescents were nearly 9 times more likely to undergo initial CT than were 2-to 5-year-olds (OR: 8.75; 95% CI: 6.78-11.30). Girls were more likely to undergo CT than boys (OR: 1.13; 95% CI: 1.03-1.23). There was no significant association between initial CT utilization and insurance type. (Fig 2) .
DISCUSSION
In this cross-sectional study that included clinics and hospitals throughout the United States, CT was the most frequently ordered initial imaging study for children during a kidney stone episode. On average, .60% of children had CT as the initial imaging study during a kidney stone episode. In some states, nearly 80% of children underwent CT as the first or only imaging study. Girls, in whom abdominal and pelvic radiation has a higher lifetime attributable risk of cancer than boys, were more likely to have CT. 16 Only 24% of children with nephrolithiasis underwent ultrasound as the initial study. The high prevalence of initial CT and low prevalence of ultrasound indicate that current imaging practices deviate substantially from recently published guidelines that recommend ultrasound as the first imaging study for children with suspected nephrolithiasis.
The rationale for using ultrasound as the initial screening modality for children with suspected nephrolithiasis is that ultrasound accurately localizes most clinically important stones in children 17, 18 and CT can be reserved for children with a nondiagnostic ultrasound for whom the clinical suspicion for stones remains high. Passerotti et al 18 observed that the sensitivity and specificity of ultrasound for 50 children with suspected nephrolithiasis were 70% and 100%, respectively, when compared with CT. Of the stones not visualized on ultrasound, 25% were in the ureter and the remainder were nonobstructive stones in the kidney. Prompted by the good sensitivity of ultrasound in detecting clinically significant stones, the radiation risk associated with CT, and the low diagnostic yield for alternative diagnoses, 19 The public health implications of the high prevalence ofinitialCTuseareheightened by the rising incidence of kidney stones among children. Over the past 25 years, the incidence of nephrolithiasis among adolescents has increased by 6% to 10% annually. 21, 22 The potential harms of radiation are further increased for patients with nephrolithiasis because multiple imaging studies are often performed for the same kidney stone episode. Alarmingly, Routh and co-workers demonstrated that 79% of children had $2 CTs for each stone episode treated at PHIS hospitals, with some children undergoing 8 CTs. 9 Furthermore, some patients in whom nephrolithiasis begins in childhood will receive additional imaging for recurrent stones and will be exposed to radiation during surgical treatment, both of which increase lifetime radiation doses. 9, 23, 24 We observed substantial geographic variability in initial CT utilization across the United States. Midwestern and southern states had the highest initial CT utilization, and the northeast states had the lowest initial CT utilization. However, even in states where initial CT use was relatively low, .40% of children underwent CT alone or CT before ultrasound. The observed regional variation was not due to differences in patient characteristics or temporal trends in CT utilization because adjustment for age, gender, year of presentation, and type of insurance resulted in very small and statistically insignificant changes in the association between geographic location and CT utilization. We also observed heterogeneity of initial CT utilization within census divisions. For example, within the Pacific division, California had relatively low CT utilization whereas 77% of children living in Washington underwent CT as the first imaging study. Generally, however, there was greater variation in CT utilization across versus within divisions. These results may help focus efforts to disseminate and implement imaging guidelines in areas of the country with high rates of initial CT use.
Variability in initial CT utilization is analogous to observed regional differences in per capita Medicare spending, 25, 26 which has been attributed to geographic differences in physician evaluation and management practices. Similar to variations in diabetes care among adults, 27 we hypothesize that CT use to evaluate children with nephrolithiasis differs across the country due to engrained practice patterns or resources specific to local medical communities. Ultrasound may be less available in certain areas and some practitioners may be less comfortable with ultrasound evaluation given its operator and interpreter dependence. Additionally, it is possible that different specialists involved in the management of children with nephrolithiasis (eg, ED physicians versus pediatric urologists) may be more or less likely to order CT as the initial imaging study. Accordingly, geographic differences in the prevalence of specialists across the country may contribute to the variability in initial CT utilization we observed. An ancillary hypothesis is that the rapidly changing epidemiology of nephrolithiasis 22, 28, 29 has contributed to wide variations in practices. Because CT is traditionally used to evaluate adults with suspected nephrolithiasis, many physicians may not be aware that ultrasound can be used to effectively diagnose kidney stones in children, who are now presenting with nephrolithiasis with increasing frequency.
Clinical guidelines have been shown to reduce variability and improve processes of care as well as outcomes. 30 Future studies should assess awareness of these guidelines and determine the physician, institutional, and community characteristics that serve as barriers to implementation of recommended imaging practices. We acknowledge the limitations to this study. First, we used claims dates to determine the order of imaging and claims. Misclassification of study order may exist because claims are not necessarily made on the day of service and 16% of imaging studies in this study had the same claims date. However, to mitigate bias, we classified all ultrasounds with the same claim date as a CT, IVP, or KUB as the first imaging study performed. It is also unlikely that any discrepancy between the claims date and date of service would alter our results given that ultrasound would rarely, if ever, be performed after CT for kidney stones. Second, as described previously, we were not able to determine imaging utilization for children for whom nephrolithiasis was suspected but who were ultimately found not to have stones. Third, we were not able to differentiate recurrent stones from incident stones. It is possible that ultrasound may be used more often as a screening study for children with a history of nephrolithiasis. However, this possibility should not affect our results unless recurrence rates differ by geographic region. Fourth, we were unable to measure race and socioeconomic level, which have been associated with the probability of nephrolithiasis and thus could influence the choice of initial imaging. However, it is unlikely that any association between race and socioeconomic level and CT utilization could explain the large geographic variability we observed. Finally, although MarketScan contains data from all 50 states, it is a sample of the population with commercial insurance and does not represent the overall population. Our results should not be extrapolated to uninsured or Medicaid/ Medicare-insured subjects.
CONCLUSIONS
The use of CTas the initial imaging study for children with kidney stones is common and shows extensive regional variability in the United States. This finding indicates that current imaging practices deviate substantially from recently published guidelines that recommend ultrasound as the initial imaging study.
FIGURE 2
Proportion of children evaluated by CT, ultrasound, KUB, IVP, and MRI during a kidney stone episode between 2003 and 2011. Utilization of diagnostic imaging modalities is not mutually exclusive. KUB, .
